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UANTA 3 
ORGANIC SPECTROSCOPY 


Correct answer : (b) 
Explanation : 


The absorption at 279 nm is due to n — 7 * transition, n stands for non-bonding orbital.-The UV region falls in 
the range of 190-380 nm. 
Correct answer : (b) 


(2) 
(2) (3) (2) ane (1) a (2) m 
( 4 
(1) (1) (2) © 
(2) ©) (2) (2) (1) 2) (1) (4) 
3 signals 2 signals 5 signals 


The carbons in similar chemical environment give one signal together. 
Correct answer: (d) 
Explanation: 


Cl 
Cl 


Chlorine has two isotopes: Cland *’Cl. They naturally exist in the ratio 3:1. 

M: Molecular mass of dichlorobenzene 

If both the Cl atoms are *°Cl then ratio will be: 33 =9 

M+2: If Clat C-1 is Cl and Cl at C-2 is *’Cl or vice versa then the ratios add up to be: 

3+3 = 6) 

M+4: 

If both the Cl atoms are *’Cl then ratio will be: 1'1 =1 

Ratio: 9:6:1 

Correct answer : (b) 

Explanation: The ease of loss of groups increases with size and branching, thus, propyl is lost first, 
followed by ethyl and methyl. 

Correct answer : (d) 

Explanation: PCC stands for pyridinium chlorochromate. It is an oxidizing agent that converts primary 
alcohol to aldehyde and secondary alcohol to ketone in general. The mechanism of the reaction is shown 
below: 
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OH 


PCC, CHCl oh & le 
N 
l 


6. Correct answer: (a) 
Explanation: The reaction is shown below: 


O 
a TN 
OH 
(A) (B) (C) 
| LiAIH, FE 
Hon AÀ 
H H < ô=1.5 ppm 
(C) 


7. Correct answer: (b) 
Explanation: 
For 5 membered cyclic lactones, C=O stretching frequency occurs between 1795-1760 cm“! 
C=O stretching frequency for: 
* Ester: 1750-1725 cm” 
e Six membered lactone: 1750-1735 cm”! 


8. Correct answer: (b) 

Explanation: 

The natural abundance of "C is 1.1%. In dodecahedron there are 20 carbons. Thus 20 x 1.1% = 22%. 
There will be 22% of M+1 (m/z = 261) signal if M (m/z = 260) signal is 100%. The ratio of peaks will 
be: 100/22 = 5:1 


9. Correct answer: (c) 
Explanation: 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT | Organic Spectroscopy 


nc_\—o-chs 


e Aromatic proton peaks are seen between 6-8 ppm. 

e Aliphatic hydrocarbon is seen between 1-2 ppm. 

e Aliphatic hydrocarbon attached to electronegative atom occurs downfield and is seen between 3- 

4 ppm. 

e From the data given, the doublet at 6.8 and 7.2 ppm indicates para substituted benzene. The 
singlet 3H peak at 2.5 ppm indicates methyl group (CH 3) and peak at 3.8 ppm indicates methyl 
attached to electronegative oxygen (OCHS). 

¢ The double bond equivalent (DBE) is given by: 


DBE 
[Number of Carbons x2)+2| -Number ofHydrogens = 


Degrees of Unsaturation 
2 


[(8x2)+2] — 101/2 = 4. 


10. Correct answer: (d) 
Explanation: 


DBE: [[(15x2)+2]-14]/2=9 
DBE = 9 indicates 2 benzene rings. 


The 6 different signals in °C NMR suggest 6 different types of carbon. The signal at 190 ppm is 
indicative of a carbonyl group. 


In the 'H NMR: 
¢ The peaks at 7.2 ppm and 7.7 ppm are indicative of aromatic protons. 
¢ The two doublets in the aromatic region indicate di-substituted benzene ring at para position. 
¢ The singlet at 2.4 ppm indicates methyl group. 


Thus the correct structure is para di-substituted compound. 


O 


e o 


The carbonyl group and methyl substituent have 1,4 (para) relationship. 


11. Correct answer: (d) 
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Explanation: The concept of resonance comes into play while deciding the chemical shift of protons. 
a) O 


H3C A o— H3C W/ o— 


deshielded carbon 
as it is electron deficient 


The proton D occurs at 3.9 ppm as it is attached electronegative atom. 
The proton B occurs more downfield than proton A due to resonance. 
The protons C occurs upfield at 2.1 ppm 


12. Correct answer: (c) 
Explanation: 


Phenanthrene Anthracene 


Carbons with same chemical environment give same signal on NMR. The identical carbons are given 
the same number in the above structures. 


13. Correct answer: (d) 
Explanation: The distance between the 2 doublets is: 2.38-2.35 ppm = 0.03 ppm 


Frequency in Hz = Operating frequency of instrument in MHz x ppm 


10° 
= 400 x 10° x 0.03 


10° 
= 12 Hz. 


14. Correct answer: (a) 
Explanation: 
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The aromatic protons of A are shielded 
and appear slightly upfield.at 6.9 ppm 


O on o om o2 com 
Path b 
(©) 
—rr (©) 
Path a 
© 
oF om O a” HO o 
Path a Path b 


Ring becomes electron deficient, 
proton gets deshielded and appears at 7.7 ppm 


15. Correct answer: (a) 

Explanation: 

In PC NMR: 

0-50 ppm: C-C single bond 

50-100 ppm: C-X (X: O, N, S, and halogen) 

100-150 ppm: C=C double bonded carbons 

150-200 ppm: C=O (carbon double bonded to electronegative atom) 
16. Correct answer: (a) 

Explanation: 


O f; o9 / 
i N a x 
2 
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At lower temperatures DMF exists in form (2). The 2 methyl groups are non-equivalent and appear at 
two different chemical shifts of 2.6 and 2.8 ppm. The olefinic proton appears at a singlet at 7.8 ppm. 


17. Correct answer: (d) 
Explanation: 


onl \of 


The IR spectra give signal at 1765-1762 cm” if oxygen atom is conjugated with alkene or aromatic. 


18. Correct answer: (d) 
Explanation: 


¢ The methoxy proton (e) appears as a singlet at 3.9 ppm. The methyl proton (f) shows a peak at 
2.3 ppm. 

e The aromatic protons (b, c and d) appear around 6.5 ppm — 8.0 ppm. 

¢ The OH proton (a) comes around 5.8 ppm. 


19. Correct answer: (b) 
Explanation: 


O 
FN Phenyl group 
H3C EM) decreases the electron density 
Methyl group 
increases the electron density 


In IR spectrum, esters show a peak around 1735-1750 cm ~. But due to the presence of phenyl ring the 
frequency extends up to 1765 cm’. 


20. Correct answer: (c) 

Explanation: For Homo annular diene, 
Basic value = 253 

Ring residue = 20 

Exo double bond = 5 


That adds up to: 253 + 20 + 5 = 278 nm. 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT | Organic Spectroscopy 


This value is close to 275 nm. Thus, correct answer is (c). 


21. Correct answer: (c) 


2 Co axis one C, axis 


5 signals 10 signals 


To count the number of signals, pass the C 2 axis and count the number of carbons on either side of the 
C, axis. Carbons on either side of C, axis will give same signal. 


22. Correct answer: (d) 
Explanation: 


p-nitro phenyl acetate 


The carbonyl ester peaks appears at a higher frequency than for a normal ester because of the presence 
of strong electron withdrawing p-nitrophenoxy group. 


23. Correct answer: (a) 
Explanation: 


C, axis 


2 HNMR signal 3 13C NMR signal 
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24. Correct answer: (b) 


Explanation: 
H a 
rad i OH 
H Hy 
H 


The four distinct aromatic protons (a, b, c, d) give signals ranging 6.9-7.0 ppm. The2@kbtons (f) 
appear at 4.6 ppm as a singlet. The methoxy proton (g) show a singlet peak at 3.9 ppm and the OH 
proton (e) appears at 5.2 ppm as a singlet. 


25. Correct answer: (d) 
Explanation: 


The methoxy group appears at 51 ppm. The aliphatic carbonyl C | appears above 200 ppm i.e. at 172 
ppm whereas ester carbonyl appears below 200 ppm i.e. at 208 ppm. The methyl group carbon appears 
at 32 ppm. 


26. Correct answer: (d) 
Explanation: 


© 


O 5 © O 
we eS yan o- 


Due to resonance, carbon d appears more upfield than c. Hence (d) is the correct answer. 


27. Correct answer: (c) 
Explantion: 


125 ppm 168 ppm T 
ppm 
118 ppm f Ta we 
WY 


OT ~~ 62 ppm 


ee | “125 ppm 


118 ppm 119 ppm 
In °C NMR: 
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0-50 ppm: C-C single bond 

50-100 ppm: C-X (X: O, N, S, and halogen) 

100-150 ppm: C=C double bonded carbons 

150-200 ppm: C=O (carbon double bonded to electronegative atom) 


28. Correct answer: (c) 


Explanation: 
® 
OH OH, Br 
© 
Br Br -H20 Br 


29. Correct answer: (c) 
Explanation: 


O 
68 ppm O 
178 ppm 


22ppm >28 ppm 


The signals at 28 ppm and 22 ppm indicate that 2 carbons are in similar environment eliminating options 
(a and d). The carbonyl carbon peak occurs at 178 ppm. There is only one peak at 68 ppm indicating the 
C-O peak. Thus, the eliminating option is (b). 


30. Correct answer: (b) 
Explanation: 


O 


o O 
ov __ S 
os — e T3; 

O O 


Molecular Weight: 122.12 
Mass of metastable ion is given by: [M3"/M1] 
(122x122)/177 = 125.4 


31. Correct answer: (d) 


Explanation: 

Multiplicity = 2nI + 1 

n=3 

I= 1 (for D) 

Thus multiplicity = 2x3x1+ 1 


=7 
Thus, relative intensity = 1:3:6:7:6:3:1 


32. Correct answer: (c) 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT | Organic Spectroscopy 


Explanation: 


Hos Hp 


| 


HOOC” “COOH 
e As there is no signal for methyl protons (3H) in the NMR data, it rules out the possibility of 
options (a) and (d). 
e As mentioned, the product is racemic, thus ruling out the possibility of (b). 
e Thus the structure (b) matches with the NMR data. The presence of symmetry in the molecule 
leads to only two proton signals in 'H NMR. 


33. Correct answer: (a) 


Explanation: 
d 
H H°? 
c 
g 
5 D 
H 
b HO H, | 
OMe 
a 


e The presence of a broad band at 3400 cm” confirms the presence of OH group. The OH and NH 
groups can appear at any ppm in NMR spectra. Here, it appears as a singlet at 5.0 ppm 

e The three distinct aromatic protons appearing. as a doublet or a singlet only rule out the 
possibility of option c. The aromatic protons are observed at (c: 6.9 ppm, 1H, d); (d: 6.75 ppm, 
1H, d), (h: 6.8 ppm, 1H, s). 

e The peak at 3.8 ppm (a) is OMe peak. It appears as a singlet and rules out the possibility of 
option d. 

e J=18 Hz indicates trans geometry of H’s, thus ruling out option (b). The alkene protons (e and 
f) appear at 6.28 ppm and 6.0 ppm. 

¢ The methyl protons (g) appear at 1.85 ppm as a doublet. 

34. Correct answer:)\(b) 


Explanation: 

CH3COCH; CHCl, 

6H 2H 

1 equivalent (6x1=6) 3 equivalent (3x2=6) 
6H 6H 

1 1 (integration ratio) 


35. Correct answer: (d) 
Explanation: The molecules which have a change in dipole moment have intense signals in the IR 
spectrum. 


36. Correct answer: (d) 
Explanation: 
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(d) (e) (f 
H, OH 4 


tr 2-3 ^5(f 
(a) ya 


6 signals are observed for NMR of (R)-4-methylpentan-2-o0l. The protons of the methyl groups (f) at 
carbon 4 give the same signal as they have the same chemical environment. The rest of the protons give 
different signals. 


37. Correct answer: (d) 
Explanation: 
5 = 7.10(m 1H) H H 5 = 7.66 ppm (m, 1H) 


§=2.5 , 3H 
5 =7.6 (m, 1H)H Sg Ppi sea 


O 

38. Correct answer: (b) 
Explanation: 

5=7.5 ppm 

J = 8.82 Hz Wee 

A , H =7.56 ppm; J= 2.4Hz, meta coupling 

meta-ortho cpupling 
ô = ortho -coupling H o~ 5= 3.80 ppm 

= 6.70 ppm NH, 

J = 8.8 Hz 

ô = 6.50 ppm 


39. Correct answer: (a) 
Explanation: 


4770 cm" 1800 cm! 1750 cm“! 


40. Correct answer: (b) 
Explanation: 
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IOo 


fH Hb 
iy ə H? 
H HC 
e 
Hd 


The two methyl groups are diastereotopic. 
They are not in the same environment. 


41. Correct answer: (b) 
Explanation: 


— 
Cl Cl 

Chlorine has two isotopes: *°Cl and *’Cl. They naturally exist in the ratio 3:1. 

M: Molecular mass of dichloroethane 

If both the Cl atoms are *°Cl then ratio will be: 3x3 = 9 

M+2: If Cl at C-1 is *°Cl and Cl at C-2 is *’Cl or vice versa then the ratios add up to be: 


ae | cI 
cI | cI 
3 l1 
x x 
1 l3 


3+3 = 6. 
M+4: If both the Cl atoms are >’Cl themratio will be: 1x1 = 1 
Ratio: 9:6:1 


42. Correct answer: (b) 
Explanation: 


5 = 0.74 ppm v —— ô= 1.33 ppm 


The anisotropic effect of n electrons 
differentiates the chemical environment of 
Me, and Me, . Me, is slightly shielded as compared to Mey 


43. Correct answer: (a) 
Explanation: 
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Plane of symmetry 


From the spectral data, it can be seen that there is a plane of symmetry in the molecule as the 4 aromatic 
protons give only two signals. 
The -OMe (4) peak appears at 3.8 ppm as a singlet and the Me (3) proton appears as a singlet at 2.5 ppm 


44. Correct answer: (a) 
Explanation: Frequency in Hz = (Operating frequency of instrument (in Hz) x chemical shift in ppm) 
Chemical shift = Frequency in Hz / Operating frequency of instrument 
Average frequency = (1759 + 1753 + 1747 + 1741) /4 
= 1750 Hz. 
Thus Chemical shift = 1750/ 500 = 3.5 ppm 
Coupling constant J = difference between any two adjacent line frequencies 
= 1759-1753 Hz 
= 6 Hz 


45. Correct answer: (a) 

Explanation: 

The molecule has a plane of symmetry (represented by. dotted line). The chemically equivalent carbons 
give the same signal, thus totally 4 signals are seen for this molecule. 


Br 


DN 
A 
N 


46. Correct answer: (c) 


Explanation: 

C6H6 CH3CN 

6H. 3H 

1 equivalent 2 equivalent 

6H 6H 

1 1 (integration ratio) 


Molar ratio is 1:2 


47. Correct answer: (d) 
Explanation: 
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Br Br Br 
ees pean cl Br 
F F F F 
F F Cl 
Br Cl 
A B Ê 


In conformer A: 
Multiplicity: 2nIp + 1 
:2x1x1⁄2+1 
WZ 
The conformer B and C are mirror images of each other. 
Multiplicity: 2nIp + 1 
:2x2x1/⁄2+1 
:3 
Total no of lines: 3 +2 =5 


48. Correct answer: (c) 
Explanation: 


There is plane of symmetry in the molecule. The 4 aromatic protons give 2 signals as doublet. 
The protons (a) are chemically equivalent and appear asa singlet at 3.0 ppm. 

The proton (b) appears as a doublet at 8.0 ppm. 

The proton (c) appears at 5.8 ppm as a doublet. 

The proton (d) appears at 3.8 ppm as a singlet. 


49. Correct answer: (d) 
Explanation: 


Multiplicity: 2nl +1 

Where n is number of neighboring protons and I is spin number of protons. 
For DMSO: n = 3, I= 1 (for D) 

Multiplicity =2- 3 x 1 +1 =7. 


50. Correct answer: (b) 
Explanation: 
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¢ The OMe protons (1) appear as a singlet at 3.59 ppm. 
e The CH: protons (3 and 4) appear as multiplets. 
e The CH; protons (2 and 5) appear as triplets. 


51. Correct answer: (a) 
Explanation: 


7 
Br 1 


Plane of symmetry 
The protons (1) which are closer to Br atom appear at 7.38 ppm. 
The protons (2) closer to t-butyl group appear at 7.25-ppm. 
The nine protons (3) of t-butyl group are all equivalent and appear at 1.29 ppm. 


52. Correct answer: (b) 
Explanation: 


O 
H 
SS 
O 
_~ 
d = 6.72 ppm i 
Br vinylic proton with EWG 4n+2=147e 
The circled proton will be highly n-Gelocaulzalion 
deshielded due to paratropic Aromatic inner proton 
anisotropy 5 = 16.4 ppm. The will be highly shielded 
system is anti-aromatic due to i.e. diatropic anisotropy 
presence of 14 n- electrons. = -0. 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


QUANTA POINT | Organic Spectroscopy 


53. Correct answer: (d) 
Explanation: A double beam UV-spectrophotometer follows Beer Lambert law but fails for2&r.O7 
when pH is not kept same in all measurements. 


54. Correct answer: (b) 


Explanation: 
Natural abundance 
32S 100% 
33S 0.79 % 
“S 4.4% 


M` = 100/(100+0.49+4.43) = 0.95 


% M+ peak =( 0.79/0.95) x 100% = 0.8 % 


% M+2 peak = (0.042 / 0.950) x 100% = 4.4% = 4% 


55. Correct answer: (C) 
Explanation: There are 6 different types of carbons in this molecule. Thus, 6 signals are observed in its 
133C NMR spectrum. 


56. Correct answer: \(b) 
Explanation: 


Consider the following reaction: 


pv. '@ = O, 


N m . . 
Few Hic” | ‘co Migratory insertion Phap e~ 
a CO CH3 


57. Correct answer: (a) 
Explanation: From the 'H NMR spectrum, the chemical shift value ò = 7.9 (d, J = 8 Hz, 2H), 6.6 (d, J= 
8Hz, 2H) indicates para substituted benzene. Thus, option (c) and (d) are neglected. 
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7.9 ppm 4.3 ppm 
Ha O H 
6.6 ppm ) 
Hs 9 
O 1.4 ppm 
HN Ha 
4.0 ppm 7.9 ppm 
Hg 
6.6 ppm 


Mass spectrum also confirm (a) 
+ 


o Bi © 


b O 
H a-cleavage AA 
On oS e S a 7 Lae 
a g O 
HN HN 
m/z = 165 m/z = 120 
Mc-lafferty -CO 
rearrangement 
4 
el e 
O HN 
HN 
m/z = 137 m/z = 92 


58. Correct answer: (a) 

Explanation: ForH,, the chemical shift value will be 5.1. 

H; and Hý are more relatively more shielded and thus have lower chemical shift value than the rest. 
There is a large chemical shift difference between endo and exo methylene protons, thus Hs is -0.3 ppm. 


59. Correct answer: (c) 
Explanation: 
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C 
PRÍ; Cl 


PR?, PR's 

Cl 
I= 0 for M thus metal does not couple with phosphorous during NMR spectra. Since there are 2 types of 
P atoms present in the complex, 2 peaks are seen in *'P NMR spectrum. 


60. Correct answer: (c) 
Explanation: Higher the bond order of C=O, greater the IR stretching. 


ey 


PA 2 : 
5 \ O4 o) 
A B C 

IR = 1750 cm" IR = 1810 cm’ IR = 1761 cm“ 


Cross-conjugation in A decreases C=O bond order. Thus, IR stretching frequency is lowest for A. 


61. Correct answer: (b) 


Explanation: 
The *'P {1H} NMR spectrum is comprised with satellite peak of a singlet signal. 
cl Pg 
Pt 
PEt PEt, 


62. Correct answer: (b) 


Explanation: 
4 signals. between’ 120-150 ppm in PC NMR spectra indicate p-substitution in aromatic region. 2 


doublets between 6.8-8.5 ppm indicate aromatic'H. An absorption band at 1724 cm! indicates the 


presence of ester functional group in the compound. 
O 


oe 
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63. Correct answer: (d) 
Explanation: 


ie) hv y 
N] =——— 
O con. rotation Q 


4n +2 (4n +2) = 14 z electrons 


Aromatic, diatropic ring current 
Due to aromaticity, the inner trans methyl groups are seen highly upfield at -5 ppmʻn 'H NMR: 


64. Correct answer: (b) 
Explanation: There are 4 'H NMR signals 
Co eyninety 


65. Correct answer: (c) 


Explanation: 
O ©, © 
a neutral loss of methanol cel z9 
n ENNY — 
On So Ò 
m/z = 152 m/z = 120 


Peak at 120 will be dueto loss of CHOH (mass = 32). Meta and para isomers cannot give CH3OH loss. 


66. Correct answer: (a) 
Explanation: The.'H NMR peaks at 7.84 ppm and 7.60 ppm with integration of 2H and coupling 
constants 8Hz indicates para substituted benzene. Thus, eliminating option (d). 
The carbonyl carbon peak at 197 ppm is seen in C NMR. 
O 
7.84 Wo cl 
3.18 3 65 ppm 
Br 7.60 
7.84 
67. Correct answer: (b) 
The frequency of absorption of compound having inter-molecular hydrogen bonding decreases, because 
on dilution the strength of intermolecular H-bonding decreases. Thus OH group absorbs at 3300 cm”. 
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68. Correct answer: (c) 


® 4 
GAA — Q i 
ga es ie ss ol. 
N N ON” N $ 


2 is most Partially 
deshielded carbon deshielded 
due to -I effect of N -atom 

and resonance atom. 


Less deshielded 


69. Correct answer: (d) 
Explanation: 


Both phosphorous are chemically different. 
Signal for P, : (2x1x0.5) + 1 = 2 (doublet) 
Signal for Ps : (2x1x0.5) + 1 = 2 (doublet) 


70. Correct answer: (b) 

Explanation: 

vo-n = 3600 cm“ 

Since, v = (1/ (2mc)) x sqrt (k/u) 

This implies, frequency is inversely proportional to square root of u. 


YOH — | Wop «= 16*2 (16 +1) 
VOR Ho-D 16+2 (16 * 1) 
= 2600 cm’ 


71. Correct answer: (b) 
The fragmentation pattern.is shown below: 


o 4 OC © 
T l -| 
A NG 6 Å 
M` m/z= 121 m/z = 105 m/z = 77 
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72. Correct answer: (c) 


Explanation: 
The aromatic peaks at 7.8 ppm indicate para substituted benzene. 
3.8 ppm 
\ O 
(©) 


2.8 ppm 
The ketone carbonyl carbon peak is seen at 197 ppm in C NMR spectrum. 


73. Correct answer: (d) 
Explanation: The frequency of carbonyl carbon decreases due to resonance andsthus the peak occurs at 
199 ppm. 


© 
O 
2 on? 
i i D S 5(199 ppm) 


74. Correct answer: (d) 

Explanation: Greater the %s character, greater is the. carbonyl stretching frequency. In (B), carbon is sp 
hybridized having 50% s-character. Hence it has the highest.carbony] stretching frequency ~ 2140 cm 
Between A and C, A has more frequency than.C because of ring strain in the molecule. Thus, B > A > 
G: 


-1 


75. Correct answer: (a) 

Explanation: At 30 °C, the compound shows structural fluxionality. Thus, 2 bonding modes are shown o 
(y') and (n>). Hence 2 doublets.are seen in 'H NMR due to n° C, and ie Cp. 

But 4 peaks are observed at -80°C in the intensity ratio 5:2:2:1. 


La ae Ae Aaa 
He-10 1 
2-3 Ha-s5 
9 8 9 8 9—8 
10 7 10 7 10 7 
6 6 6 
(OC),Fe, (OC) .Fe (OC).Fe 4 
H H-S Structural fluxionality H 
5 2 4 1 3 5 
4 3 3 2 2 1 


76. Correct answer: (d) 
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Explanation: Three different IR bands suggest 3 different CO environments in the complex. The 
terminal carbonyl shows absorption at 2120-1850 cm `! and the ketone carbonyl shows absorption band 
around 1600-1700 cm”. 


77. Correct answer: (a) 
Explanation: The chemical shift values of the protons are indicated in the molecule below. 
IR (1740 cm*') ester group 


78. Correct option (c) 

Due to presence of ring flipping in A, the stretching frequency will be lowest. In B and C flipping is 
absent due to presence of bulky group. 

In B as the Cl is on axial position hence, orbitals are available for back-bonding and hence C=O 
frequency will be reduced, whereas in C there is no effect like this, hence C will have highest C=O 
stretching frequency. 


Q 

O 
> =e 0 Sera 

Cl 
Cl 
B c 

79. Correct option (c) 
Chemical shift values of ô (s23H), 3.9 (s, 3H) ppmtells that molecule has one CH 3 group and one 
OMe group. Thus option (a) and (d) are incorrect, 


Now, CH; group attached to C=O must give peak somewhere around 1.9 ppm, since it is given around 
2.4ppm in the question that tells that CH; is attached to benzene ring. Hence correct option is (c) 


80. Correct option (c) 
As per the given spectroscopic data, the compound has only one type of hydrogen and carbon also the 
mass is 84. Hence correct option is (c). 


81. Correct option (b) 
The given molecule TiCl;(CDHz) will have these NMR active nuclei: 


NMR active nuclei Number of equivalent species (n) I value 
13 1 
C 1 2 
'H 2 A 
D 1 1 


According to given condition Jĝ.) >J@.-) » °C NMR will follow splitting pattern in which NMR 
spectra will be split by Hydrogen and then followed by deuterium. 

Number of lines in which 'H will split peak = 2nI +1 S+ 1 =2%2x 

Since it follows Pascal rule, hence peak ratio will be 1:2:1 


Number of lines in which Deuterium will split = 2nl +1 = 2x1x1+1=3 
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Since it does not follow Pascal rule, hence peak ratio will be 1:1:1 


peak due to'Sc 
1 ~ 2 i splitting due to 1H 
1 : ' 1 f $ splitting due to deuterium 
qf: EA 


overall peak ratio 1x1:1x1:1x1 : 2x1:2x1:2x1 : 1x1:1x1:1x1 
DIt ALe TA 


Hence, overall peak ratio will follow pattern shown in option (b) 
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UANTA 4 
PERICYCLIC REACTIONS 


1. Correct answer: (c) 
The above reaction is a 1,5 sigmatropic hydrogen shift. That means, the sigma bond migrates from the firstatom to the 
5»atom. This reaction takes place in presence of heat. The mechanism of the reaction is given below: 


ri 5 
ae [1,5] -H shift O 
2Me Sigmatropic 


rearrangement 


2. Correct answer: (b) 
Consider the n molecular orbitals (MO) of the olefins, HOMO ( n )-—the bonding MO andthe LUMO (7 *) anti- 
bonding molecular orbital (MO). The electronic transition takes place between HOMO of one alkene and LUMO of 
other alkene under photochemical conditions only. The molecular orbital diagram given below gives a better under- 

+ 
© © 


standing. 
|| 
2r e 2n e 


HOMO LUMO 


{ Wo under photochemical condition, 
HOMO and LUMO is Y2 orbital. 


A€ y 


hy 


HOMO 


fa) 
y 


LUMO 


supra-supra interaction takes place. 
Thus [2+2] cycloaddition is 12, + təs interaction. 
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3. Correct answer: (c) 


The product X is formed through diels alder reaction and follows the endo rule. The reaction between X 
and Y is the paterno-buchi reaction. 


The endo rule: The diels alder reaction gives bicyclic products when the diene is a ring. If the 
substituents on the dienophile are ‘cis’ to each other, the 2 substituents end up going down relative to the 
carbon bridge in the product, called the endo addition or sticking up towards the carbon bridge called the 
exo addition. The Diels alder reaction preferentially forms the endo product as the major product 
in the formed bicyclic system. 


4. Correct answer: (a) 


H 
heat 
rl 
disrotatory 
H 
6 x electron 


Electrocyclic reaction is a concerted interconversion of a conjugated polyene to a cycloalkene or vice 
versa. The above reaction should be disrotatory to obtain the given product stereochemistry. 


a: = = 


rotation rotation 
The rotation of atomic orbitals in 


opposite directions is dis-rotatory motion. 


5. Correct answer: (b) 


The mechanism of the reaction is given below: 


O 
a-e 
z XN cycloaddition 
í O 


maleic 
anhydride 
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Product B is formed through Diels alder reaction. Diels alder reaction is a concerted, stereoselective and 
stereospecific reaction that takes place in presence of heat. The diene should be in s-cis configuration for 
the diels alder reaction. In the above reaction, maleic anhydride (dienophile) reacts with diene to give 
the diels alder product. 


6. Correct answer: (c) 
Explanation: 


Sigmatropic reaction: It is a rearrangement reaction in which a sigma bond or a group connected by a 
sigma bond brakes and migrates to the terminus of an adjacent pi electron system. The numbers in the 
bracket [1,j] refer to the relative position of the atom involved in the migration. 


7. Correct answer: (a) 


Explanation: 


6 n electron participate in a disrotatory process. 


8. Correct answer: (b) 


Explanation: 
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ae electrocyclic S 
ŘE ort 
reaction 
CA Hee 
HO 


1,7 H shift | 
Pr 
LE 


HO 
desired product 


9. Correct answer: (c) 
Explanation: 


The mechanism of the reaction is illustrated below. 


N S Ph 
A 
COON, a a 
COOH 3 “—COOH 


4n+2 


10. Correct answer: (a) 


Explanation: The mechanism of the reaction is given below: 
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Gi OH 
OH ie 
DNS | RN i 
Oe 42 os 
Zz eX Zz 
N N OH 
4 Me 
2@ 
H ~-Me 
L Sca 3o 
| j C OH A | D nae 
N 2 w~ i Z 1 
Me 3,3 sigmatropic NOS OH 
This type of intermediate is formed 3 2 Me 


in mannich reaction. 
iminium ion 


mannich base 


|Pericyclic Reactions 


The final product in mannich reaction is B-amino carbonyl compound, also known as mannich base. 


11. Correct answer: (a) 


Explanation: The concerted reaction mechanism is shown below. 


Homotropilidene 


12. Correct answer: (a) 


Explanation: In presence of heat, the diene and dienophile undergo a concerted reaction to give the 
[4+2] cycloaddition (popularly known as diels alder) reaction. The nitro functional group of the formed 
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product is reduced in presence of TiCl; and HCl (Mcmurry method) to give the final carbonyl 
compound. 


ZO N | Diels alder l 
Z => i SSS TiCls, HCI 
NO, [4+2] ana 
NO, O 


Diene Dienophile 


13. Correct answer: (c) 


Explanation: The following reaction is a combination of electrocyclic reaction and diels alder reaction. 
The mechanism of the reaction is given below. 


CN 
CN Z 
A 
Electrocyclic 
reaction ring opening 
CN O 

LEA [4+2] 

J ( A 
O Diels alder O 


reaction (D.A.R) 


14. Correct answer: (d) 
Explanation: 


To obtain the appropriate product stereochemistry, dis-rotation takes place in thermal and photochemical 
conditions. 
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H 

hv 

H dis 
H 

H 
4n 
H 
Ast y 

Dis 

H 


4n+2 


15. Correct answer: (c) 
Explanation: This reaction is an example of intramolecular [3,3] sigmatropic rearrangemnt 


4 
5 5 
3 ae. 6B ~ 4 
| 2: —0 3 5 
o aN 7? 7 = 3 2 
8 a T~% ~CHO 
16. Correct answer: (b) 
Explanation: 
LOOP LY 
1,3,5 hexatriene 
HOMO m(s) 
Co(S) 
m(s) 


17. Correct answer: (b) 


Explanation: ‘Ys is the HOMO of 1,3,5,7 cyclooctatetraene under photochemical conditions. The orbitals 
rotate in dis-rotatory motion to form the product. 
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Me 4 
N X 8 x disrotatory 
\ x7 H hv H 


| a: 


Ge NS 


(06 ) 


clockwise anticlockwise 


18. Correct answer: (d) 


Explanation: The concerted reaction is shown below. 


i H 
A 
A | 
E) 6r, dis DE 
H 
H 


19. Correct answer: (a) 


Explanation: 


The mechanism of the reaction is shown below. 


6r disrotatory 
Cam E 


A 


Me 


Me 


|Pericyclic Reactions 
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O 


H 
A O hv KOH, MeOH 
[2+2] cycloaddition 
OAc OH OMe 


(9 


H 
Sa: o H O 
= CHCOOH x Q H 
© 
O H 
O H A 
é H 
H 
O 


20. Correct answer: (c) 
Explanation: The diene with s-cis-configuration is the most reactive diene. Among the following, (2E, 
4E) -2,4 hexadiene is the most reactive as it has a s-cis configuration. 

1 


1 1 2 1 
27 22 6 á l3 2 6 
2 f ee |5 3\ 7 5 
6 
5\ 6 4 
4E- 1,4- hexadiene  4Z-1,4-hexadiene (2E, 4E)- 2,4-hexadiene (22, 42)- 2,4 hexadiene 

Z 
-3 


(2E, 4E)- 2,4-hexadiene 
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21. Correct answer: (d) 


Explanation: 
7a 
oe: (i) heat e4 5 ore 
l 2,3 sigmatropic -O 
Ph reaction “S72 
Ph 
| ii) (OEt)3P | 


22. Correct answer: (b) 


Explanation: The mechanism of the reaction is illustrated below. 


Ph 
Ph Ph PY o 
aN heat ON : heat H3COOC N Me 
H3COOC” “**COOCH,; H3COOC Neco, [4+2] gno ation pe 
Ph Ph 
4r electron ) 
system Ph—== Ph 
23. Correct answer: (c) 
Explanation: The mechanism of the reaction is shown below: 
NC CN 
NC 
CN ies E CN 
| | | ue?) CN ring opening 
nc CN cycloaddition O CN 
MeN N CN 
NMe> CN 
NMe2 NC 


24. Correct answer: (a) 
Explanation: 


Ene reaction: The joining of a double bond to an alkene reactant having a transferable allylic hydrogen 
is called an ene reaction. 
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Ene reaction Me 
> 
| ZA 


allylic hydrogen 


25. Correct answer: (a) 


Explanation: 
10 

8 

6 9 

a 6 8 

7 `H hy a 10 

H —<—<——— 

2a con-rotation 4 Dn 

3 2 1 3 1 


(2E, 4Z, 6E) decatriene 


26. Correct answer: (a) 


Explanation: Intramolecular cycloaddition takes place at-high temperature. 


(4+2) cycloaddition 


MeO, 
CO,Me 
10 


27. Correct answer: (b) 


Explanation: The sequence of reaction is shown via the mechanism shown below. 


H 
intramolecular <z 
H 


| Pericyclic Reactions 
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| 
O 


Je f N 3 reaarangememt 


> 


f a 2 3 
o 3 [3,3] sigmatropic B 


mean 
cope rearrangement 2 
OEt OEt g 3 


OEt 
Claisen [3,3] sigmatropic 


rearrangement] reaarangememt 


OH 
== ene reaction 
<= 


OEt 
OEt 


28. Correct answer: (c) 


Explanation: The [1,3] allyl shift occurs antrafacially resulting in inversion of configuration. Hence D 
and OAc becomes cis to each other. 


H OAc 300 °C D 
wa % OAc 
[1,3]-C shift 
D H 


H 


29. Correct answer: (a) 


Explanation: The orbital interactions are shown below. 


“\ Sf 


o: OH © 
Oy aso 98 
(P) a =. 
H 
OH 


Nazarov 
Cyclization 


ay Tautomerization ore 
O OLH 
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30. Correct answer: (c) 
Explanation: The above transformation takes place through con-rotatory process followed by dis- 
rotatory process. 


ee o 
con-rotation dis-rotation 


4n+2 


31. Correct answer: (b) 


Explanation: The mechanism of the cyclization reactions are shown below: 
(P) 


o y TS OH 


Nazarov 
Cyclization 


; 
H 
OH 
O Tautomerization QO 
O OLH 
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© © 
Ge l NaHCO, | 
= OA AY 
Se tae 
| 
O “Et 
halocyclization 
(R) 
OH OM 
O 
H, hv 1 hv 
electrocyclization 1 [1,3] allylic 
cyclization 
Tautomerizati 
on 
O 
(S) 


toulene, 80°C 
radical cyclization 


32. Correct answer: (c) 
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Explanation: In presence of heat, the reactants undergo diels alder reaction to give the product A. 
Further under photochemical condition, A undergoes intramolecular [2+2] cycloaddition to give B. 


a oe BD 
T ge Ph - H intramolecular 

ll 

O 


(4+2) cycloaddition so (2+2) cycloaddition 
Ph B 
33. Correct answer: (a) 
72 
Se: 
0=SeL0 197, G08 
fos NS 2 
Oo ene reaction Ogre =: pe", 
| [3,3] STR 


34. Correct answer: (b) 
Explanation: 


35. Correct answer: (d) 
Explanation: The following reaction is an example of [8+2] cycloaddition. 


A sy 


S 
[8+2] CN 
cycloaddition CN 
NC CN 


N CN 
s N 
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36. Correct answer: (b) 

Explanation: The following reaction is an example of aza-cope followed by mannich reaction. 
Aza cope rearrangement is [3,3] sigmatropic rearrangement reactions of nitrogen substituted 1,5 
hexadienes. The final product of Mannich reaction is B-amino carbonyl compound, also known as 
Mannich base. 


37. Correct answer: (d) 


Explanation: The 6 molecular orbitals of 1,3,5 hexatriene are shown below. In photochemical condition, 
Y, is te HOMO and YP; 1s the LUMO. Under thermal conditions, ¥; is the HOMO and ¥;is the LUMO. 


38. Correct answer: (b) 
Explanation The mechanism of the reaction is shown below. In this reaction. Elimination of nitrogen gas 


is followed by [2,3] sigmatropic rearrangement. 


Ca J a a o S 


39. Correct answer: (b) 
Explanation: 


Cat. OsO4 in presence of NMO (N-methylmorpholine-N-oxide ) gives syn-dihydroxylation reaction of 
alkene. 
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H H 
heat cat. OsO, OH 


40. Correct answer: (a) 

Explanation: 

This reaction is an example of alder-ene reaction. Mechanism of the reaction is shown below. 
ene 


A A z Alder-ene reaction 


enophile 


41. Correct answer: (a) 
Explanation: The reactant undergoes Bergman cyclization in presence of heat to give A. In presence of 
deuteriated-tributyl tin hydride, A gives B following radical mechanism pathway. 


Bergman Cyclization 


& SnBú; D 
| A 
NG 
N D 
42. Correct answer: (d) 
Explanation: 
om CO,Et Py CO-Et hv CO,Et 
\_ I (2+2) dis rotati 
is rotation 
re COEt 
CO,Et cycloaddition CO2Et ring opening 2 


43. Correct answer: (b) 
Explanation: 
Bulkier the R group, higher the preference of endo product. 


H O 
2ns +27a 
Y=C=0 + ey 
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44. Correct answer: (a) 
Explanation: 6r electrons (4n+2) undergo concerted reaction to give the product. 


GOS a 
A N 
> on 
N (4n+2) N, 
H disrotation H H 
45. Correct answer: (b) 
Explanation: 
7 N 
DTE y m 
YT CS 
HO CN 
HO OH 
HO OH 
heat 
conrotatory 
ring closing 
heat 


gS 
disrotatory 


HO 


46. Correct answer: (a) 


Explanation: 
electrophiic centre nucleophilic centre 
© 
Ph oe o 
ò= = O ca a 2 
Ph Ph ~Ph | ik 
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47. Correct answer: (b) 


Explanation: ‘¥ is the HOMO of z-molecular orbital of methyl azide. The x- molecular orbitals of 
methyl azide are shown below. 


methyl azide 
HaC-N=NEN 4r electron 
system 


“AB — n=2/(node) LUMO 
s —~—_ a: | ' n=1 (node) HOMO 


vA ve Ju (I n = 0 (node) 


48. Correct answer: (b) 


Explanation: 


The mechanism of the reaction is shown below: 


Ph 
(8 SAA [2+3] 
2S 


© 


@// cycloaddition Oy © Ne 
o 
Àe NY 


© 


-CO2 
cycloreversion 
O! 
Phy 
N N 
| cycloaddition ZAG 


O © Ph 


49. Correct option (c) 
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50. Correct option (d) 
Mechanism is as follows 


H H 
- M 
= . Grubbs' catalyst 
> 
: = ethylene Š 
MeO H (ring opening reaction) MeO H 23 
[3,3] sigmatropic 
rearrangement 
Me 
H 
MeO H 
51. Correct option (d) 
Mechanism is given as follows 
EtO.C aCOzEt 
d+ ZnCl», rt | i 
9 men a N 
SS 7 o= x `Ts 
OBn SOBn 


52. Correct option (b) 

Ketene, carbene and allene shows [2+2} cyclo-addition in thermal conditions, among which less 
sterically hindered site reacts. 

Mechanism is shown below 


MeO,C MeO,C COMe 


53. correct option (c) 


In the above reaction, among A and B, B is more stable as there is no 3-membered ring strain, hence in 
the energy profile diagram B must be lower than A. 


For products P4 we have steric repulsion among tree membered ring and alkene group, causing less 
stability and hence it will be above Pg, in energy profile diagram. Hence we can cancel out options (a) 
and (b). 
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Now we have to look for the activation energies of formations of P 4 and Pg, Since both reactions are 
[4+2] cycloaddition reactions having same dienophile, the diene A will be more favoured for the 
reaction over B as the diene is more cisoid in case of A and hence there will be ease of product 
formation. 


Thus reaction from A to P, will take place much easily (hence less activation energy) than the reaction 
from B to Pg (have more activation energy). 


Hence correct option (c) 


+ 


Acfration Efleray 


Energy 


Reaction co-ordinate 
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UANTA 5 


PHOTOCHEMICAL REACTIONS 


HINTS & SOLUTIONS 
Correct Answer : (d) 
Explanation : 


carbene 
intermediate 


Correct Answer : (d) 
Explanation : HOMO of one alkene reacts with LUMO of other. 


Lumo — Kk otk A Homo 
Homod- OK YK F 


Detailed Méchanism, 
R R 
R 
aie x AA 
R R 


£ _p2s + p25 + p2s 
ge) cycloaddition 


Correct Answer : (a) 
O Norri O ? 
orrish-I Z a H 
$ O 
(A) 
© 
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Norien -Il 
(i) Pee) (ees oH 
(C) 
(ii) 
— > 
H cis-trans 
isomerization (B) 
(iii) 


4. Correct answer: (c) 


Explanation: 


OO Od” Qe 


5. Correct answer: (b) 
Explanation: 


The above transformation goes through 6-H transfer. 


wen moe ~Ph m N > Ph 


6. Correct answer: (d) 


Explanation: 


5h 
CH, 


5 = as— Bh—a45-—AS 


ll 


7. Correct answer: (b) 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, New Delhi — 110009 
Contact Us : 9990382567,9717373074,8285815185 


Mechanism of the reaction is shown below: 


£ . 
CET _\ 
-—-OH Yon 
y E a ph Ph 


Among the two y-hydrogens the one which is in proximity to the carbonyl group undergoes reaction. 


8. Correct answer: (a) 


Explanation: 


t-Bu 


S\4@—_ 3 [2+2] cycloaddition 


t-Bu 


t-Bu 


Note: Notice the formation of n bonds between (4-5) and sigma bonds between (6-3). 


9. Correct answer: (d) 


Explanation: 
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Hy 
{o 
qd 
OH 
N 
Keto -enol 


tautomerism 


10. Correct answer: (c) 


Explanation: 


per AA -CO s ( 
g g 


Due to C-C bond rotation, a mixture of cis and trans 1,2-dimethylcyclopentane is formed. 


il 


11. Correct answer: (a) 


Explanation: 
a A 
Q ar a = at 
hv © -N 7 KAN 
N 2 Cy 
2 N2 Carbene = COsMe 
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12. Correct answer: (d) 


Explanation: 
P) 
os Ou, y-H transfer OH ‘CH2 B cleavage ele GHe 
et JO J et A J B z eos CH3 
S 
O keto-enol OH 


Ens A tautomerism EAA i ee 


Ethylene 


y—-H transfer followed by B cleavage is Norrish type -Il process 


Q) 
O 
Ph sls Ph a cleavage Ph Ph I 
Qa Qa e 7 O: 
Ph 
Ph~ ~~ + CO 
R) 
O O 
fo o 2 3 
O O 
a cycloaddition 
followed by Diels Alder Reaction O O 
S) 
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hv 
(TD Ce) 


Sensitizer 
(4+2) cycloaddition 
or Diels Alder reaction 


13. Correct answer: (a) 
Explanation: The following reaction is barton reaction. The mechanism of the reaction is shown below. 
Barton reaction is a photochemical reaction that involves the photolysis of alkyl nitrite to form nitroso 


alcohol. 


6-H abstract 


NO 
© 
H30 


14. Correct answer: (b) 


Explanation: The mechanism of the reaction is given below: 
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QUANTA POINT | Photochemical Reactions 


NBS + HBr —————> Br ——— >. 2Br 


H Br 
oe es Br—Br 
-Br° 


+ Br 
-HBr 


Below the 
plane attack Br 


G-& 8 


trans 1,2 dibromoacenaphthene 


15. Correct answer: (a) 


Explanation: The following photochemical reaction is Norrish type-I reaction. The mechanism of the 


reaction is shown below: 


O E^ 
a— E W oo ex 


wy 


16. Correct answer: (c) 
Explanation: In presence of light, benzal free radical is formed .The mechanism of the following 


reaction is shown below: 
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QUANTA POINT | Photochemical Reactions 


i f. Na 
: SS 


SS 


product 


17. Correct answer: (a) 
Explanation: Norrish type — II mechanism for the photo cleavage of 2-nitrobenzyl based photo labile 


protecting group. The mechanism is shown below: 


Ə © 
O O 
NO AY ON 
O Et — Gm de O Et O Et 
T pi Sa 
(yO 
© a 
(0) ne 
NO N Oe 
e O go kb. Et 
EtCOOH + oe ( 7 T 
H e 
O 


A 
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QUANTA POINT | Photochemical Reactions 


oy Ò 
_Et ~ : 
OH OH OH 


OF 


N 
~ ia el 
EtOH + = a Å Et 
o/o j “ o9 `O O 
OH ‘Et 
(B) 


18. Correct answer: (b) 


Explanation: The mechanism of the reaction is shown below: 


OH OXN=O OH 
NOCI, Py r ip 
pecan Oe -H y N=O 


H»SO, 


OH OH 
N (© H pan 
lo | N-OH2 N=O=H 
4 C to N migration 
| H20 


OH OH 


N tautomerism NH 


OH O 


19. Correct answer: (d) 


Explanation: The mechanism of the reaction is shown below: 
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QUANTA POINT | Photochemical Reactions 


= ots 
HO 
hv 


20. Correct answer: (c) 


Explanation: The mechanism of the reaction is shown below: 


O 


ö 
AN -Et PN J : 
TOR: hv o O scam 
OH 


OH OH 


D 
ANS ~$ ei 

EtOH + wes Z) E=- ~ A et 
Oo ~O “ OJFO O O 
6) OH Et 
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